CHAPTER 1 


SOLUTION (1.1) 


(a) Ry 7.5 kN 
| 1m | Entire Structure 
Rapt == Y M,=0: 75()-3X1) - 15R,, 
15m or Ry, = 7 kN 
Rs, PEN XF =0 Ry, =-7 KN ` 
B 
Ir, =0 YF 20: R,-105kN 
b 
ue 7.5 kN C Member AD 
1 x _— n: _ ; _ 
P mjim > M, =0: G, (2)=75()); C, =375kN 
A C _ n E 2 
Y F,=0:_A, =75-375=375kN < 
A, E, Y F =0 C,=7kN 
(c) 
| 9m 10/3 Segment AE 


> F,=% P=7kN 
> F,=0: V =375—š-— 1 = 0417 kN 
2. M, =0: M-3750)-$()- (2) 


=1528 kN -m 
SOLUTION (1.2) 
Refer to Fig. P1.2: > M,=0: R,=3pa 1 
(a) p > M,=0: | M-$pax-ipx (a) < 
M ( | B Thus 
ye ; £=0: $pa-px-0; x=%3a 
3 pa Equation (a), for x - $a; M, = 2 pa’ < 


(b) Equation (a), for x = ša: 
2 2 2 
M -$pa(2a)-3p($a) —--spa —spa y Ë 
Shear force at x = ła: 


V =—2 pa +š pa = š pa! 


SOLUTION (1.3) 
(a) 


40 kN 20 kN Member AB 
Y M,=0: R,-3545 kN 
2m miim 
^ 1 40 KN -m te Rs 2,F,=0: Ra = 70 kN 3 
2 ET i 
R, R YF =0: R,-25kN (CONT.) 
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(1.3 CONT.) 


Member AC 
35 kN Y M,=0: R,-2R, 
A [| —* 70 kN 
im DF, 20 Ry =35 kN ` 
+ 
2m cÍ] x Ra > F.=0: R. =70kN 
Cy 
(b) 
Segment AD 
35 
F, =0: P=70kN 
alim M > : 
LS» DF, =0: V =35 kN < 
70 D 
V > M,=0: M=35kN-m 


SOLUTION (1.4) 
Link BD is a two-force member and hence the direction of Foo is known. 


(a) Eree body-Member ADE 
ES > M,=0: 


EA i : -P(4a)+F,,(2a)=0, F, =2P T 
En Y'F,=0: R,-0 


R 
u L. = j Y F,=0: 


Ay -R 


Ay 


+F,,-P=0,  R,-Pil 


Ay 


M Vo (b) Free Body-Part AO 

A A E A F¿=0 

M, S BU: VOePT P 
> M,=0: M, =1.5Pa 2 


SOLUTION (1.5) 
We have 0 =115°. Apply Eqs. ( 1.11 ): 


o, = 1(-504-40) 4-1(—50— 40) cos 230° — 20sin 230° 
— —5-- 28.92 415.32 =39.2MPa - 


To, 7 —1(-50- 40) sin 230° —20c0s 230° =-21.6 MPa < 


x y 
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SOLUTION (1.6) 


(a) as (25, 50) "= tan 2 908 5 š 
s r = (502 +3752)2 = 625 
Thus, 
5 o, = 625 + 62.5 - 125 MPa 
( MPa) o = 0 b 
O = 62.5 
(b) Tmax = Y = 62.5 MPa < 
125 MPa 


SOLUTION (1.7) 


(a) o'— 1(-150-- 80) = -35 MPa 


0,"- stan” fs = 15.66") < 
r = (115^ + 70°)” 21346 

Thus, 

o, =-35+134.6 = 99.6 MPa 4 


o, = -169.6 MPa 


99.6 MPa T nax =P = 1346 MPa 
(b) I 
x 
= J 15.66 
a za 
169.6 MPa 
SOLUTION (1.8) 
(a) 
x" 
O x 
> 
x'y " 
| —x "m di 
T = 60MPa y — 
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(1.8 CONT.) 
We have g, = O and Ty = 60 MPa . 


> E = 0: c, sin 40° = 60 cos 40° + 60 cos 40° 
or o, 2143 MPa (comp.) 4 


Apply Eqs. (1.11) with O = 90 + 25 = 115°: 
O. = — 1 — 12 cos 230? + 60sin 230? = —715 MPa 


Toy = 71l5sin 230° + 60 cos 230° = —9334 MPa < 
0 
(b) x 
Taa = [(7715)? + 60°? = 9334 MPa < 20° 
o'=—71.5 MPa x! 
It may be seen from a sketch of Mohr's Circle that A e 
0,"= 3 tan” 715 - 20" 2 93.3 MPa ^ M 71.5 MPa 


SOLUTION (1.9) 


7.58 MPa 
o, = 0, = 80 cos 45° = 56.57 MPa 


x 


z, = 80sin45° = 5657 MPa 


28.29 MPa 


Apply Eqs. (1.11): 
Oy = 5 (56.57 + 5657) + 0 + 56.57 sin 60? = 105.6 MPa 
Oy = 56.57 — 48.99 = 7.58 MPa < 


Toy = —0-- 56.57 cos 60° = 2829 MPa 


SOLUTION (1.10) 


We have 0, 20, o, =—50 MPa, z, =100 MPa, 0-70" 
Apply Eqs. (1.11): 
o. = — 2 + 2 cos140? - 100sin 140? 


i X 


— 2013 MPa 70.13 4 
o, =-25+1915- 64.28 = -7013 MPa < MPa E / 
Toy = —25sin140" 100 cos140* y Y 


= —92.67 MPa 
20.13 lo MPa 
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SOLUTION (1.11) 


(a) 50 30 r,--30 MPa, c, = 60 MPa * 


y 2: DIF, 20: on) 3065) 40(J5) - 50(47) 
A or 6, =20 MPa (comp.) < 


70 MPa 


(b) It may be seen from a sketch of Mohr's circle that 
0,"= tan ' 7 =18.43° 
Uis = —" tit + [( ati y +( 30) 1 
= 20:150 
or o, = 70 MPa, o, =-30 MPa 


SOLUTION (1.12) 


We have 


0 =25+90 =115° 


o, =—10 MPa 
c, =30 MPa 
Ty =U 


(d) 0,,-25(0,40,)t5(0,—0,)c0s20 


= $(-10 +30) + 1 (-10 — 30) cos 230° = 22.86 MPa š, 
Thus, 
o, —0, = 22.86 MPa 
(b) Toy 7—3(0, - 0,)sin 20 
- —1(-10—30)sin 230° = 15.32 MPa 
So 
Ty, =Tyy =-15.32 MPa Tw < 
GE 


SOLUTION (1.13) 


(a) g. = a AT =11.7(10 °)(80°) = 936 u 

Thus óÓ-e&,L-936(10?)250 = 0234 mm — P 
(b) g. =a AT =117(10 14%) = 936(10 ^) 

Hence u= | g dx = 468(10 ^) + c (a) 


We have u-0 at x=0; c=0. Equation (a) for x=250 mm gives ó = 0117 mm — < 


rtr 
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SOLUTION (1.14) 


From solution of Prob. 1.11: 


c, =-20 MPa, o, = 60 MPa, z, =-30 MPa 


X 


Thus, £ => [-20-0.3(60)]=-543 u, ©, [60 + 0.3(20)] = 943 4 


x 70(10°) y ~ 70(103) 


A 


Y xy — mary - 1114 H 
(a) Equations (1.25) with 0 = 180 — 60 = 120°: 


a | == + 388 cos 240° — 1114sin 240° 
= 200 + 3715 + 964.7 21536 u P 
(b) p = AREA + (- 105)? Y* 21857 u P 


SOLUTION (1.15) 


(a) g, = 292250 r[(22:y? + (-12)]* = 150 +125 
or &=275 4, &=25 nu , 


(b) Apply Hooke's Law with 0, = 0: 


275(10 ^) = span (0, — 030); 57.75 = o, — 0.30, 
25(10 °) = o (O; = 0301): 5.25 = o; — 0.30, 
Solving, 0, = 6519 MPa, o, = 2481 MPa < 


SOLUTION (1.16) 


We have 
(a) e, = 88 =120 ue, =-%%=-160 y 
Y, =—1000 —50 = —1500 wrad 
(b) y = MAZO? + (— 130)? 7% =1526 ps . 


SOLUTION (1.17) 


(a) YA 
B 
M 0 a = ian! $— 5313*, 
= ires 0 -12687* 
Apply Eq. (1.25); 
g, = PE 4 4005800 COs 2(126.87°) + 2? sin 2(126.87° ) = 560 yu < 
(b) Bs = 2007800 + [( 400-800 92 + (20) Ý = 600 + 224 
or & = 824 u & =376 yu < 


It may be seen from a sketch of Mohr's Circle that; 


0,"- itan (1)2 1328" ) 


https://gioumeh.com/product/stressesSin-beams-plates-and-shells-solution/ 


SOLUTION (1.18) 


(a) €, = TUIS 


15055 (150 + $) = 18004, € : ; (7-90 12) = -1400 y 


y — 100(107 


6, = — má (150 — 90) = -200 u 


Aa = 1800(100) 2180 um, Ab = —1400,4(50) = —70 um, 
At = -2004(10) = —2 um 
Thus, 
a'= 1000.18 mm, b'=4993mm, t'- 9998 mm 4 


(b) A'C'=[100.8? + 4992? ]^ 2111933 mm 


SOLUTION (1.19) 


(a) Wehave o, = 0, = o, = —p, AC=111.8034 mm. 
Equation (1.34), 


& =E, = 6, 2 -£(-2) = i (3) = -400 4 (a) 
and 
Aa = —400(100) = —40 um,  Ab=-4001(50)=-20 um 
At =-400 (10) = —4 um 
Hence 
a'=9996 mm, b'= 49.98 mm, t'=9.996 mm à 
(b) A'C'=[99.96? + 49,987)” 211177587 mm < 


SOLUTION (1.20) 


ZDAC = = tan ! š = 36.9" 
Lac = Lg, = V90° +120° =150mm | G= a =E 
"ENG 1 (150+ B) = ma ) 


E, — 1 L(75+15)= — 


_ 150 _ 400(10°) 
Vy G  3E 


We have 
0, =180-36.9=143.1" 
Taking x” along BD 
£, = (25+150cos 286.2° + 66.67 sin 286.2°) 10 


= (25+ 41.85- 64) 1% = 2.85(10°)/E 


AL, p 710025500) — =1.35x10° mm 


210(10°) * 
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CHAPTER 2 


SOLUTION (2.1) 


Free Body: CD k 
Y, 


2 MS. ei d 
and 
Fag 
1.7 m 
«— 
Fa B 
— p 
D 


Substitute the numerical values: 


50(10°) = 22 P =14.71 kN 


500(10 Š) ? 


SOLUTION (2.2) 


From geometry $4=4; d=L 


2L 2L 
ó = Pdx _ PL dx _ PL In zi?” 
~ AE ~ atE x tE L 


L 


SOLUTION (2.3) 
1-505'-65)-21660x10* mag 


c=0.075 m 0 = 40° ar i 
-r 2p ES 7 
Ty =T o, cuc 

Using Eq. (1.118); 


o, 2 0 0 v, sin 20 


Or 
6 T(0.075)(0.985) . _ 
200(10 ) = 660105) > T =58.65 kN -m > 
SOLUTION (2.4) 
J, = £(0.03 — 0.02%) = 102102(10 °) m° 
Statics: T +T, - 1kN -m (a) 
Geometry: 
Tb = T,b 
YA š 4(0.03*—0.024)(42x10°) ^ 4(0.02*)(80x10") 
or 


T, = 21328T, (b) 
From Eqs (a) and (b): 
(CONT.) 


https: 
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solution/ 


(2.4 CONT.) 


T, =6808N.m T. =3192 N:m 
It is required that, ó, =P. + Qc: 
0.01 = =, [680.8b + 1000(0.5 — b)]= 15236200 XLA) 
Solving, b=0.223 m = 223 mm 4 


SOLUTION (2.5) 
State of pure shear; 0, =—O, =T 


Emax 7 +0, EE vo,) = (i+ v) 
Thus, 
> a 
q = Em — 290009) — 1714 MPa 
We have 
. Tr 150(0.015) _ 9 " 
gue 1714(108) -13127(0 )m 
Hence 
= 4 4 3 4 
J =£ (80* — d*) =13172(10°) mm 
Solving, d = 28.68 mm . 
SOLUTION (2.6) 
(a) r AS AE a) 
— Mc _ (p /8Xh/2) _ 3 pl? 
O max 7 Mc = bi A2 = i bh? (2) 
Thus, 
Tmax /O max = h/ L (3) 


Equation (3): 
L=h“2=0.15(2)=0.9 m 


Tall 


(b) Equation (1): 
Pay =$ Ty = 42802 (1.5x10°) 216.67 kN/m š; 


T Call 


SOLUTION (2.7) 
Elw” =p=H(12-x?), Elw"=%(Dx-%)+0c, 
Boundary Condition (B.C.): 
w"(L)-0; c --$p,L 
Elw"= &(I? 5 — 252) + exc, 


B.C.: 
ElW(L)=0; c,= 2 
Elw'- (3L — 8° x + 61 x° — x^) 
Elw=-2>(3L'x-8L* 5 + 6L? 2 — 2) + c, 
B.C.: 


Elw(0)20; c,=0. 
(CONT.) 
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(2.7 CONT.) 


Elw 2 5 (31^ $ - AD & 21? 3 — 5) 4 c, 
B.C: w(0)- o c,=0 


Thus, W = m = 401 x +15Lóx* — x^) . 
At x= L; 
19 p,L* í pP 
Wp = 360E1 0, = W,'= DH < 


SOLUTION (2.8) 


Refer to Table B.5 ( Case 5 and 7 ): 


Loop 
Pe summ 22 ME as 
= 72 (= L m x AH + SED = MEI 
B C 


| Deflection w, of A due to only 0): 
WA Os 


Í A 


= Q a- paL(4a? 12) 
= 6,40 = Ag 


ZZ ZA 24EI 


Table B.5 ( Case 2 an b=0 ), COUT ers 
W, = AH 7 (4L L)- SET 
Total deflection 
w, = W, + w, = seer (3L. +4a° L — D^) < 


SOLUTION (2.9) 


Elw” = p,sin; Elw"=-p,(%)cos+ c, 
Elw"= -p (+ sin & + cx + c, 
B.C.: 
w'(0)20, c,=0; w'(L)=0, c,=0 
Elw= p,(£)! cos + c, 
Elw = p, (+) sin & + cx +c, 
B.C.: 
w(0)=0, c, = 0; w(L)=0, c,-0 
Thus 
w= = "sin = T < 


= — < 
a P 


Slope atx=0: 0, = w' (0) = 


SOLUTION (2.10) 


ex | ymmetry 
š =, Symmet 
M, MA) m, M,=-M, 
A = ON B P 
2 2 R = R = = t * 
A B 2 
Segment AC 
Elw” = 0, Elw"-c, Elw'= c, + c, 


(CONT.) 
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(2.10 CONT.) 


Elw'= +c,x° +C,X + €, 

Elw = ic) + + c,X° + C,x + C, (a) 
We have 

EIw"(0)2 c, 2 -V 2-2 

Elw"(0)=c, =-(-M,): c,= M, 

w(0)=0: c,=0, w'(5)= 0: M ,=-M, = :D 

w(0)=0: c,=0 


Equation (a) is thus 
w= 25 (3L — Ax) 4 


SOLUTION (2.11) 


We have 250/2 =125 MPa . Equation (2.30b) gives the limiting value of 
pressure for the tangential stress as 


p = Zt = 2540005 — 3 125 MPa ' 


F 0.2 


Note that, the axial stress formula, Eq. (2.30a) requires 


p -22« — 6.25 MPa 


SOLUTION (2.12) 


i V=3-15(19)=12w 
a M = 3(15)—4(1.2)(15)° = 315 kN -m 
M € X Point A 
B | o==0 0,=%=%02- 4 MPa 
¿hsm aro c, = 0, = 2 MPa 
Table B-4; 
vQ 12000( art (2%) 
T= = miD =153 kPa 
Thus 
Tz. = [Cz5)? + (0153)? 7 =1012 MPa i 
0, = 4 tan” isp = —40.65° 
Point B; 
=“ = asas = 8021KPa, r= 3-0 
0, =0,=4MPa, o,=2+0.802 - 2.802 MPa 
and 


T „œ =}(4-2802)=599 kPa, 6, =45° < 


ax 
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SOLUTION (2.13) 


(a) A= 2zrrt 
= 22(250)(10) 215, 708 mm? 
g, = $9929 — 100 MPa 4 
30009) _+450=81.8 MPa 
X ~~ 15,708(10 5) 
(b) Ta =[100-81.8]=9.1 MPa ` 
s =90.9 MPa 
D o'=1(0,+0,) =90.9 MPa 


SOLUTION (2.14) 


At a point on circumference, we have 
4(100) 


o, = % = ae = 25 MPa, 0, = 50 MPa 


o = 4h = 22001. = 9947 MPa 


2z(100)(8)10-9 


| | Tr _ 00X01) _ 
PET pee v UENIT 59.68 MPa 
a Thus 
š .95-50 42 2 
Os 34 95450 i [( 34 as 50) + 59.68 y 
T 


= 42.48 + 6012 
O or 
i; o, =102.6 MPa, o; = -17.64 MPa 
(a) ai! S IL02.6| < 240 -. no failure < 
() ssr We Bear 
or 
0.428+0.029 < 1 -. no failure < 


SOLUTION (2.15) 


dum -100-50 + [( -100:50 y + 302 Ý 


š o, =—36 MPa, o,--114 MPa, 0,260 MPa 
(a) n= =$ = 25 

or n = [S| =132 < 
(b) o-oo =a; 4044019 =F 

Solving n=1.7 < 
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SOLUTION (2.16) 
At a point on the surface of the shaft, we have 


—— -$( 
-4(5y - 4418(10° ) mm? 
O 
Nod 
— ya 


r 6(102)(0.0375) 
= T = Cas = 72.44 MPa 
Thus 
Or, = 2984 + [(3995)? + 72442] = 4527 + 72581 
o, = 7711 MPa, c; = —68.05 MPa 
(a) 250 — [(7711)2 — (7711)(—68.05) + (—68.05)2]“ 
Or n-1.99 < 
(b) lo,-0,|="2; [711-6805 = 2 
or n=1.72 < 


SOLUTION (2.17) 
Using equations of statics; 


pL Qa 
ATL CULO Qe qe 
Then 
px . 
Man = R, x+, Mop = 25 
eM ap — bx M pp Aa 
A = D> a L 
Applying Eq. (2.49): 
a b 
Wp = ziri, (Lx — x° )(bx)dx + i (Lx'-x" )(ax')dx'] 
Integrating, we pis 
Wp = p [4L(a? F b^)- xa + b°)] < 
SOLUTION (2.18) 
Qi p 
— dob | Segment AC 
A r—— dB aie eM, 
M, = X, = 
pL chao C LL. d 3pL Q I CD» Ri 
8 +3 8 * 2 Segment BC 
K— L/2 L/2 => 3pL Q. r px? M x 
MAR Poke xx 


Let Q=0, Thus, (2.49): 
S. 4 
Elw, = r Px dx + CE yc Pr dx= SE 


— 5 PÉ | 
or Wc = 768 EI 


solution/ 
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SOLUTION (2.19) 


da a We have 
| l O) Mg = Px My, = Pa 
» B A] a! 
p ops Ed B LLLI 
L 
= HI| (Px)(x)dx + | (Pa)Xa)dx] 
Wa 1 ya? 2 

= ($ +a L)= La (a +3L) < 


(b) Add Qat A. Hence, 
à, = HI| May Se dx f Ms. Mec dx, 
where M,,=Px, M,. = Pa+Qx 
Let Q=0, Then 
Su -o«f (Pa)(x)dx = Pat 
(c) Add Cat A. We have 
O= |M, dx where My,=Px+C, My, - Pa +C 


0, = dtf (Px + C)dx + [ (Pa + Cjax] 


For C=0: 
0, = FS +aL)= s= ¿(a + 2L) 


SOLUTION (2.20) 


ST DER M,,-Rx*M, My» Rx4 M — P(x — $) 
0= z | M, Si dx, w= d; | M, S dx 


EN 
a We have 


0, = HU (Re+ M)dx + f, [Rx +M - P(x — kb) 


(a) 
wa = def (Rx M)xdx + MES + M- P(x-—2)]xdx) 


Boundary conditions are O(0) = 0 and w(0) = 0. Thus, after integrating Eqs.(a): 


— RD , ML PD. 
O, = cer + “er — BED 


PD , MP 5PI? 
Wa = 381 + Ep — aser = Ü 
From which 
RL’ +2ML = 
RL’ +3 MI? = ¿PI? 
Solving 
< 


Mese) dex 
(e) Wo = HL (Re+ M)xdx] = st Ex xdi] 


— PP _ 
= WET — Wmax | 
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